CR-§66=28

C5-1471.7 /3111 Copy

th

PROCESS TECHNIQUES STUDY
OF INTEGRATED CIRCUITS

Quarterly Report No. 7

February 1967

Prepared by:
Jo E. Meinhard

AUTONETICS

A DIVISION OF NORTM AMERICAN AVIATION, INC.

Prepared Under Contract

NED-3/8/7

NAS 12-4
General Order 6433
Approved by: Approved by:

v g o ' .
Sl Gt Y/
P H, Eisenberg // H, C. Mattraw
Supervisor ‘ Assistant Director
Special Projects Unit Physical Sciences

Materials and Processes Laboratories Research and Fngineering



Unless otherwize expressly restocted ona the
face of thi=s -oument, all tne, disilostre.
and reprodiciion thereof, by oo oo L b
the goweramcat, is eip-
recipiait of this d
governmant of the U:
shall noi duplicale, u.r, EPE D S
whole or in part, tie it
herein, exceunt for, 01
government and to fuii.
which this document was uaiivered to him
by the government.

soz2a. The




PROCESS TZCHNIQUES STUDY OF INTSGRATED CIRZUITS

Quarterly Report No. 7

ABSTRACT

The objactive of present work is to ob*ain more quantitative
information on the entrapment of hydrogen in grown silicon dioxide
layers using tritium as a tracer and to seek evidence of its possible
icnic mobility in a potential gradient, Other objectives include the
interpretation of the EPR second signal as a possible indicator of
oxygen vacancies, the investigation of gas embient effects on integrated
circuits, and the elucidation of the machanics and dynamics of structu-
ral defects in oxide layers,

Analysis of wafers from recent tritium experiments duplicating
the conditions reported by Burgess and Fowkes has failed to show any
measurable beta activity. The differences between results obtained on
this program and those of Burkhardt, and of Burgess and Fowkes, are
sumarized and explained.

An initial attempt to demonstrate proton electromigration in
thermal oxide has not produced a measurable result,

Thirty integrated circuits selected from three manufacturers
have been electrically characterized and the contained package ambients
analyzed by mass spectrometry., Little variation in initial electrical
parameters was found, but gas ambient compositions varied widely. The
output transistors of these IC's have been rebonded to permit beta
measurements. An environmental chamber of extended range is being fab-
ricated for the further investigation of these devices.

Evidence from EPR absorption spectrometry of thermally grown
oxides indicates that the presence of unpaired electron spins may be
associated with prior HF treatments such as those used in chemical
volishing of wafers or in window etching,

EPR absorption of an aluminized oxide on silicon has yielded
a peak with a ¢ value of 2,0023 % 0,0004. No impurities in excess of
one per cent by weight was found in these samples by microprobe analysis,

A correlation of better than 99 per cent has been found be-
tween dielectric defect incidence and wafer cooling after exposure to
vavor phase etching, This result is considered to provide the first
direct evidence that film rupture is due to the thermal contraction
difference between silicon and silicon dioxide as earlier proposed,

Evidence has been obtained which indicates that removal of
the oxide layer from one side of a wafer causes structural damage to the
oxide on the other side. Dielectric defects appear to be restricted to
regions of the oxide in which somz blemish or structural variation is
evident,



Evidence from another set of experiments indicates that oxide
defects are not in any way related to dislocation densities or stacking
fault densities in the substrate silicon.
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ACCOMPLISHMENTS

A, Oxide Radiotracer Fyperiments

New tritium experiments were conducted at. the General Atomic
facilities. Three runs were performed, one of which duplicates the
conditions reported by Burgess and Fowkesl. A total of seventy-five
wafers were treated, and representative samples from each run were pre-
pared for analysis by stripping off the back oxide layer to allow ground-
ing to the counting chamber and prevent beta attenuation by positive
charge accumulation. The experiment duplicating the Burgess and Fowkes
conditions utilized a gas phase composition corresponding to air
(0.2 atm 02) and a specific activity of 0.1 me/g in the injected water.,

The other two experiments were conducted in a 50/50 Oé/Né ambient car-
rying tritiated water of 10 me/g specific activity. The main difference
between the last two experiments was the water reservoir temperature: 36 C
and 94 C, respectively. Precise determinations of the gas phase water con-
tent in all three runs were obtained from the carrier gas flow rates and
the condensed water mass differences in the exit cold trap. All three runs
failed to yleld wafer specimens with a detectable beta activity.

In view of our earlier results, and of those obtained by Burkhardtz,
the levels reported by Burgess and Fowkes (1020 H atoms/cm3 oxide) seem
hishly improbable., This conclusion is clearly indicated by summarizing the
various experimental conditions and computing the actual activity levels
present in each case, as shown in Table I. In this table runs 3, L and 5
are the experiments recently conducted on this program (December 9 to 13,
1966), and runs 1 and 2 are earlier experiments (September 15, 1965, and
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October 7, 1965, respectively.) Estimated activity levels in the Burgess
and Fowkes experiment are based on available evidence from their report1
snd our duplication of their conditions in run 3. It is not conceivable
that the gas phase 5gecific activity in their experiment could be more
*ran .. factor of 10 “those of Burhardt and of our run 2, Additionally

our run 1 at 103

times the activity of the Burgess and Fowkes experiment
gave specimens nf barely perceptible beta activiiy (see Fifth Monthly
Report, Jeptember, 1965) and our runs L and 5 at slightly lower tritium
levels gave no detectable results. It must be conciuded that the Burgess
and Fowkes result i unacceptable pending more detailed evidence from that

labsiratory.

Confidence can be placed in the Burkhardt result, however, because
of the conriderable care exercised in standardizing experimental conditicns
end counting technique. Liquid scintillation counting, although generally
recarded as more sensitive, offers no advantage in accuracy over our methane
proportional counting because both techniques uw:re calibrated against re-
ference standards from the same source (New England Nuclear Corp.). The
difference in results lies rather in the use of pure tritiated steam as the
¢y cen source in the Burkhardt experiment whereas in our run 2 the steam re-
preserted only 0.1 the total available oxysen. Moreover, the Burkhardt ox-
jcation was carried out close to the glass transition temperature (1000 C),
where outediffusion of hydrogen is less rapid, and no provision was avail-
able for subsequent flushing and desorption of adsorbed species at the ox-
idati.1 temperature. In run 2 the oxidation (at 1150 C) was followed by a
thorough tracer-free nitrogen purge. All of the above conditions specified
for the Burkhardt experiment tend to maximize hydrogen entrapment and re-
present a significant departure from normal processing technology. Our ex-
seriments show that as more conventional conditions are apprcoached the
hydrogen retention in the oxide, although still demonstrable, is signifi-

cantly reduced,

The data of Burkhardt2 indicate that oxide attenuation of recover-
able beta activity is a substantially larger effect than originally antici-
pated, Space charge effects within the insulating layer are suspected as

.5



the major contributing factor (see below) because the calculated average
5 is about 13,000 2 (quarterly
Report No. 1, August, 1965), and the maximum range, 40,000 8. The mag-

rance of 18 Kev beta particles in SiO

nitude of the er.or introduced by this effect can be determined experi-
mentally by stepwise etching and counting. Although this should lead to
higher results for our earlier investizations, an increase by a factor of
103 or better, is not foreseeable.

It should be pointed out that the forezgcing arzuments relate only
to the quantitative aspects of the previous runs and have no direct bearing
or. the success in fulfilling the original qualitative intent of these ex-
periments.

The possibiiity that the insulating properties of silicon dioxide
layers may influence L-pi beta assay procedures for tritium estimation was
first suggested in the twelfth monthly report (April, 1966). Although the
beta energies involved (18 Kev) substantially exceeded the attenuation in
the oxide layers, the L-pl technique did not prevent build-up of 2 compen-
sating positive charge in the silicon substrate which could trap and retain
a portion of the beta emission. A test of this possibility was undertaken
as described in the thirteenth monthly report (May, 1966) by exposing one
side of the wafer surface and bonding a gold contact thereto. The specimen,
whici now provided essentially 2-pi geometry, was assayed for beta activity
with the results given in TABLE IT,

TABLE II. EVALUATION OF GROUNDED COUNTING TECHNIQUE

ORTGINAL CALCULATED  GROUNDED CALCULATED
SPECTMEN BETA COUNT H CONTENT# COUNT H CONTENT*  TECHNIQUE
NO. (Mir™1) DATE (atoms/em3)  (Min~l) DATE  (atoms/cm’) FACTOR
6 26 3/22/66 2.65 x 108° 518 11/3/66 5.73 x 1070 2.17

#Corrected to date of original tracer experiment (10/7/65).

The factor of 2;I?giveniin TABLY IT is strong evidence of positive charge
arcwmlation in the silicon wafer when insulated by both oxide layers. Since
this factor is not corrected for beta attenuation or space charge effects,

as suggested above, in the remaining oxide layer or for possible envirommental
exchange (estimated at ~~ 20 percent over one year) the average hydrogen con-

17

tent of this oxide actually may be in the range of 10

6

atoms/cmB. This value




. still is substantially less than the 1020 a’c,oms/cm3 reported elsewhere and
analyzed above,

Electromigration of tritium in oxide layers was attempted ai 20C C
and a bias of 150 V using aluminum foil plates in contact with the oxide, as
described in the thirteenth monthly report (May, 1966). The beta activity
remaining in the oxide after this treatment was not significantly different
from the original activity, indicating either that the hydrogen was immobile
under the experimental conditions or that the foil electrodes were not in
sufficiently intimate conteact with the oxide to permit cathodic deposition.
Burkhardt's attempt vo demonstrate hydrogen electromigration2 also yielded
a negative result and the transport of positive charge may be dependent on
a proton-sodium ion exchange. The possibility of such exchange was sug-
gested in the original proposal for this investigation. In spite of these
initial negative results the independent electromigration of hydrogen ions

in thermal oxide cannot be regarded as a refuted possibility.

B. GAS AMBIENT EFFECTS

' Thirty general purpose amplifier integrated circuits (ten each from
Texas Instruments, Westinghouse and Norden) have been selected to investi-
gate the effects of ambient hydrogen on transistor gains. The test program

will proceed in the following steps:

1. Selection of samples
2. Electrical characterization
3. Mass spectrographic analysis of package ambients
. Measure output transistor beta
S Vacuum bake
6. Measure output transistor beta
7. Bake in forming gas
8. Measure output transistor beta
9. Vacuum bake
10. Measure output transistor beta
11, Correlate data

The thirty integrated circuits have been electrically characterized
' and the data given in TABLE III'& TABLE IV. The parameters measured for
are the following:
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Test 1. Differential DC Imput Voltage Offset (DIVO)
Test 2. Common Mode DC Output Voltage Offset (CMOVO)
Test 3. Low Frequency AC Voltage Gain (GV)

Test 4. Single Ended Low Frequency AC Voltage Gain (GVl)
Test 5. AC Signal Swing (two leads) (ACSS)

Test 6. Differential DC Current Offset (DICO)

Test 7. Input Impedance (Z in)

Test 8, Midband Common Mode Rejection Ratio (CMRR)

Test 9o Pover Supply Currents (Three voltages)

The data provided by these tests, which are part of the Autonetics
specifications NA5-16071 for the IID L77-09LO GPA and NA5-16078 for the
IID L77-0947, will be correlated with the subsequent data to be generated.
Three of the significant parameters are not measured experimentally but may
be calculated from:

Zin= RS
(!ast ? -1 T (1)
(Test 7 )
CMRR = 20 Log, (102 x test L)
test 8 ) (2)
DICO = test 6 -~ test 1
RS (3)

Where RS = 30,000 ohms for the 940
RS = 3,000 ohms for the 947

Twenty of these integrated circuits were selected for gas analysis
on a mass spectrometer, The results are shown in TABLE V, and indicate ex-
tensive device-to-device variations in gas composition. The major constitu-
ent in the TI devices (samples 2-9) was nitrogen, the desired package am=
bient. However, four devices contained He and five devices contained small
amounts of CO,s The large amount of He present evidently originated from
pressurizing the devices in helium prior to leak testing somewhere in the
device history. The 002 trace could be present as impurities in the Né
dry box gas.

The Norden devices (samples 21-30) also show the major constituent
as N2 with traces of 02,
contained LlL.6 percent Ny 9.5 percent 0,5 Llh.5 percent He, 0.9 percent C0,,
and 0.5 percent A. This indicates that this device had a package with a

high leak rate, thus allowing air to leak into the package over a period of

002, and A in some packages, Device 30, however,

10
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C.

time. The gas volume noted also indicated a leaky package as the Norden
package is sealed at a high temperature and thus upon cooling a partial
vacuum should exist inside the package. The extremely large gas volume of
device 30 relative to the other Norden devices indicates that in-leakage of

external air equalized the pressure.

The Westinghouse devices (samples 11-19) showed the most erratic
behavior in terms of gas composition. Three devices, (11, 17, and 19) showed
H2 contents above 85 percent with a smaller percentage of N2. Two devices
(12 and 18) showed major amounts of N2 and O2 and no detectable Hz. An ex-
planation of the package sealing technique will be necessary in order to
explain this effect. The devices are braze sealed in a continuous-belt fur-
nace which has a nitrogen blanket on both ends and a small region of H2 at
the center of the furnace. Therefore, the package ambient composition will
depend on the position in the furnace at which the package is actually
sealed via a brazing alloy. This would indicate that the devices containing
the hydrogen (11, 17, and 19) were sealed in the center of the furnace,

The presence of O2 in devices 12 and 18 is more difficult to explain,
especially since hermeticity tests were not performed immediately prior to
gas analysis. However, it would appear that these two devices were hermetic
seal leakers, which allowed the H2 present to escape and allowed the com=-
position to equilibrate with external air. The presence of more than the

air percentage of O2 in device 12 cannot be explained at this time,

The output transistors of these integrated circuits have been re-
bonded to permit beta measurements at various base currents, Modification
of a vacuum chamber is being performed to provide 10'6 Torr pressure and

temperatures to 250 C for step 5 of this investigation,

EPR SPECTROMETRY

Additional EPR data on samples (ﬁlw + HF), (M1 + NaCl) and (W)
have been obtained., Of particular interest are the results on sample
(M;W'+ HF) under atmospheric and reduced pressures shown in Figure 1. It
is evident from the figure that outgassing of the HF treated sample
(at b x 1072 Torr) produces a signifieant reduction in the second signal.
The second signals of the other two samples, however, were unresponsive to

outgassing. The evidence appears to implicate the HF + Si system as a source

12
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Figure 1. Sample (MW + EP)
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of the second signal. It is known, for example, that SiFh (formed in the
present experiment by HF + Sioz) interacts with silicon at elevated temp=-
eratures to produce the biradical Sith containing unfilled silicon or-
bitals. However, the reverse of this reaction at still higher temperatures
should result in release of SiFh and deposition of "atomic" or finely di-
vided silicon. This possibility fits well with the experimental conditions
employed because the specimen (le + HF) was baked for ten minutes at

1150 C in an inert atmosphere after treatment with 0.5 percent HF solution.
The residual finely divided silicon then could act as adsorption sites for
condensable gases during EPR Spectrometry. This also is a real possibility
because the EPR Specira were taken at =185 C, and the second signal re-
appeared on admission of room air to the outgassed sample. Although the
possibility of residual contamination by fluorinated species cannot be

ruled out, the reversibility of outgassing effects on the EPR signal appears
to be associated with the sorption of atmospheric components on surfaces rea=

dered sensitive by the HF treatment.

The implications of this finding with respect to integrated circuit
processing may be significant because of the extensive utilization of pate
tern etching with HF followed by diffusions or other high temperature treat-
ments. If the EFR second signal can be associated with positively charged
atomic vacancies the present evidence indicates that HF may play a role in
causing inversion and that steps should be introduced to remove it after it
has served its function.

The independent main signal on silicon powder has been shown3 to be
somewhat sensitive to various ambients and pressures, possibly as a result
of residual surface damage. The lack of main signal change in the presemt
sample (also shown in Figure 1) may be due to intact oxide passivation or to
prior removal of surface damage by etching., According to earlier evidence
it is highly unlikely that this main signal is associated with defects in

the oxide structure.

Burkhardt's experiments on the dielectric relaxation of silicon di-
oxide led him to rule out sodium ions as a source of oxide ins'c.abil:i.’c.y'h and
to postulate an oxygen vacancy generation mechanism based on a reaction of
deposited metal with the silicon dioxide. To explore this possibility by

]




EPR several samples of 8000 R oxide grown on single crystal silicon

(10 ohmecm, n type) with alumimum dots deposited on them by E=~beam evapora-
tion were prepared. Although the sample area was small (2.5 cm x 0.15 cm)
the absorption signal was much larger than any recorded previously, includ-
ing those of bare silicon powder with its much larger surface area., Silicon
dioxide samples grown on single crystal silicon without aluminmum have pre-
viously produced no signal even at high gains., This sample, (TW + Al) S.C.,
was only run at room temperature and produced only a single signal.

It has been reported5 that no resonance signals are obtained from
aluminum between LK and 300K unless ferromagnetic impurities are present.
The alumirmum used here was 99.999 percent and had been analyzed by emission
spectrography, showing copper, iron and magnesium present in levels between
«001 = ,0001 percent., For the iron this represents about 1016 spins per
cm3. On a total volume basis the aluminum present in this sample was calcu-
lated to have 3 x 1011 spins which is too small to produce a detectable ab-
sorption signal with the available equipment. It appears, therefore, that
the present signal is derived solely from an interaction between the alumi-
num.deposit and the oxide surface, in substantial agreement with Burhardtt's
model, The g value of this single signal has been calculated using the dual
cavity and found to be 2,0023 + 0.,0004 at -180 C. It does not appear to be
temperature dependent., To check for possible trace impurities these samples
where analyzed with the electron microprobe. No elements above atomic num-
ber four other than aluminum were found on the oxide.

INCIDENCE OF DIELECTRIC DEFECTS

The effort on this portion of the program during the past quarter
can be classified into three general areas: (I) Substantiation of the
model evolved from previous work which postulates that the dominant mechan-
ism of defect formation in oxide films is rupture of the film due to
mechanical stress resulting from the thermal expansion mismatch between
silicon and silicon oxide. (II) Investigation of process steps which the model
predicts to be oxide quality. (III) Search for the source of variations

in the oxide structure at which actual or latent defects occur,

15



Studies in area I have been directed toward determination of the
number of defects present in an oxide layer as it exists subsequent to
growth but prior to cooling. Comparison of these defects with the num=
ber present after removal of the wafer from the furnace provides a direct
evaluation of the number of flgws produced by film rupture during cooling,

The decoration test has proved exceptionally suitable for the low
temperature, post-cooling detection of oxide defects. In order to deline-
ate the dielectric flaws present in the grown oxide prior to cooling a
preferential in situ vapor etch technique was utilized. It has been
demonstrated that HCl vapor will attack silicon at elevated temperatures
according to reaction (L) but will not appreciably attack the silicon

oxide.

LHC1 + S1 ——> Sic1h + 24, (L)

Utilizing this preferential etching characteristic of HCl, the following
experiment was performed to determine the relative incidence of inherent
(pre-cooling) and stress-produced oxide defects.

Oxides were grown to 8000 % thicknesses in steam at 1150 C on a
group of 10 phosphorus-doped, -~ 10 ohm-cm wafers. After the required
oxidation period the steam flow was discontinued and a dry N2-H01 - dry 02

mixture was passed through the furnace for 10 minutes, followed by a LO
minute dry N2 flush, It was anticipated that under the prevailing con-
ditions the HCl vapor would produce etch pits in the Si surface at points
where it was not protected by the oxide layer.

After the nitrogen flush, the wafers were removed from the furnace
and subjected to the electrophorstic decoration test, The decoration pate
terns were photographed and the decorations and the oxide removed from the
Si wafer. The wafer was then scanned under a microscope at 50-500X mag-
nification to determine the location of possible estch pits for comparison
with the decorated defect pattern. This procedure was completed on 8 of
the 10 wafers, the others being fractured during test. On seven of these
there are no etch pits visible in the Si at the magnifications utilized,
On the remaining wafer one possible etch pit was located at a site coin-
cident with a decorated defect. The total number of defects detected by

decoration on each wafer is shown below,

16



WAFER TOTAL DEFECTS

1 33
2 27
3 15
N 2L
5 28
6 18
7 13
8 27 -
Total 195

The suspected etch pit was observed on wafer No. 6. Careful exam-
ination of the site in question by conventional and Nomarsky microsdopy
suggested that the anomaly was a mound on the silicon surface rather than
an etch pit and that the material composing the mound was polycrystalline.
A photograph of this site is shown in Figure 2. The dark region near the
center is believed to be the original oxide defect. The oxide was stripped
with hydroflouric acid and a proficorder trace was made across this region
of the wafer. The trace is shown in Figure 3 and verifies that the anomaly
was indeed a mound. Electron beam microprobe analysis of the mound re-
vealed only silicon present in detectable quantities. This evidence leads
to the hypothesis that in addition to any HCl etching which occurs accord-
ing to equation (L), further attack occurred by tge reaction of H,0 vapor
at low concentration levels with the Si substrate™ according to reactions
(S) through (7).

si (s) + Hy0 (g) = 510 (g) + H, (g) (5)
i (s) + 2H,0 (g) = 510, (s) + 24, (g)  (6)
Si (8) + 510, {s8) = 2510 (g) (1

It was observed during the etching phase of the experiment that
water vapor from the oxidation step had condensed in the inlet glassware
and was available for pickup by the N2-02 HC1 mixture. This would allow
reactions (5) through (7) to proceed. The generation of H, by (5) and
(6) and the reversible nature of (L) probably led to redeposition of
polycrystalline silicon around the etch pit, resulting in the observed

mound .
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Figure 2. Suspected etch site on wafer No. 6. (125 X)
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Figure 3. Proficorder trace across region of Figure 2.
(Average mound height: 0.1k microns; Mound diameter: 600 microns,)
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It was found, in fact, that with the vapor etching system used
the presence of H20 was necessary to obtain etching. Because of the pro-
blems involved in control of H20, HCl and carrier gas concentrations a
different etching system was adopted using a HCl-He mixture as described
by Pinneo and Burk.7 This system is muach more suitable for use in an
open tube furnace than a conventional HGl-H2 mixture since it eliminates
the hazards of the possible high temperature H2-O2
outlet point. The following conditions have been shown to produce sig-

reaction at the gas

nificant etching.

Temperature 1150 C

He flow rate 13 1/min
HC1 flow rate 0.8 1/min
Time 15 min.

Prior to adoption of the vapor etching technique as a defect de-
tection method it was necessary to establish the correlation between
decorated defects and etch pits, This was achieved by decorating a num-
ber of defects on a wafer and then subjecting the wafer to a vapor etch
in an epitaxial reactor using a Hé-HCl mixture.8’9 4 portion of such a
decorated wafer is shown in Figure 4. The two decorated regions (1 and
2) are shown in Figures 5 and 6 after the vapor etch. It can be seen
that one or more etch pits correspond to each decoration, It was possible
to establish this correlation for each decoration. It should be mentioned
that the dacorations of closely spaced defects often merge and give the
appearance of a single defect. During decoration, howsver, each defect
is a source of H2 bubbles and the count is made at this time.to avoid dis-
crepancies,

After establishment of etching conditions with the He-HCl system
and verification of coincidence between decoration sites and etch pits,
another experiment on etching prior to cooling was performsd. Two wafers
were inserted in the furnace and oxidized in Steam at 1150 C to an oxide
thickness of 5200 % (determined after removal from the furnace). After
the oxidation period the furnace was purged for 4O minutes with dry helium
to remove all H20 from the inlet glassware, An oxidized control wafer
which was known to have a rmumber of oxide defects was then inserted into

20



Figure L. Wafer with oxide defects revealed by decoration. (5X)
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Figure 5. Region 1 of Figure l after decoration removed and vapor etch,
a) 35X b) 175 X
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Region 2 of Figure li after decoration removal and vapor etch.

Figure 6.
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the furnace and a vapor etch was performed using the He-HCl mixture under
the previously described conditions. The HCl flow was terminated and

the tube purged with He for 10 mimutes. The control sample was removed
first and observed to have undergone etching at oxide defect sites. The
other two wafers were then removed and found to be free from .any etch
pits. Subsequent electrophoretic decoration revealed defect densities

of 57 cw™2 and 50 cmf2, providing additional substantiation of the con-
clusion that oxides are essentially continuous when grown,and defects
originate by rupture upon cooling, '

It is evident that the combination of the vapor etching and the
decoration technique provides a powerful tool for investigating other hy-
potheses concerning the effect of process steps on oxide quality, e.g.,
the ineffectiveness of oxide regrowth, the increase in defects as a
result of thermal cycling and the result of oxide removal from one side
of the wafer.,

The latter falls into the second general area of study and has
already been under invastigation9 by means of replicate electron micro-
scopy in conjunction with the decoration technique.

A wafer with the isolation pattern defined was oxidized in steam
to produce a backside oxide thickness of L40OO %, After oxidation a
replica of the device surface oxide was made., This oxide was then tested
for defects by the decoration method without removing the oxide from the
reverse side, Defects in certain areas were photographed and a post-
test replica of the device side was made. The backside oxide was then
stripped, a replica was made, the decoration test performed, additional
and previous defects photographed and a final replica made., A photograph
of the central region of the wafer after first decoration is shown in
Figure 7 with the two decorated defects circled, Figure 8 is a photograph
of the same region after the second decoration test (after back oxide re-
moval), The increase in defects is evident. The three specific defects
indicated in Figure 8 have been examined from replicas made at each stage
of the experiment, Defect No, 1 was detected with the first decoration
while Nos. 2 and 3 were not detected at the firast decoration but were pre-
sent at the second decoration. Figure 9 shows that a rupture was present
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Figure 7. Central region of wafer after decoration with back oxide intact,

(5 x)
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Figure 8. Region of Figure 7 after decoration subsequent to removal
of oxide from reverse side. (5 X).
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Figure 9.

Surface replica of defect No. 1. region before first decoration.
(5,000 X)
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in the oxide at the location of defect No. 1 béfore the first decoration,
No alteration of the oxide surface occurred as a result of the first
decoration and the back oxide removal. (See Figures 10 and 11). After
the second decoration considerable damage was observed in the vicinity of
the original defect as shown by Figure 12, 1In the case of defect No. 2,
no discernable rupture of the oxide is evident until after the second
decoration (Figures 13-16). At the third defect, damage to the oxide by
the back oxide removal is observed as shown in Figure 19,

An additional portion of the oxide in this region was subssquently
removed by the second decoration. (See Figure 20). In all three cases
the first decoration test did not visibly damage the oxide layer. However,
considerable damage to the oxide apparently results from the second decora-
tion test. This is interpreted as indicating that the test itself is not
detrimental to the oxide. It is concluded that the removal of the oxide
from the wafer backside produces structural damage in the bulk of the re-
maining oxide, which may or may not be manifested in the oxide surface
texture. The damaged area, howsver, apparently presents a lower impedance
to current flow and allows passage of charge sufficient to produce, at the
Si surface or in the oxide, the hydrogen evolution which occurs in the
decoration test., This gas then dislodges a portion of the damaged oxide
and produces the alteration observed as a result of the test. This means
that the increase in defects observed after backside oxide removal is real
and probably results from damage to the oxide caused by flexure of the
wafer whan its stress profile is altered by this removal.

One significant factor that can be observed in the replicas,
(Figures 9 - 20), is that the defects in all three cases occur in a
region where a blemish or anomaly is present on the oxide surface. This
suggests that these blemishes represent the weak spots in the oxide layer
where rupture can most easily occur.' The source of these variations in
oxide texture is still undetermined and is the basis for the effort in
area ITI. It is considered possible that the substrate-related defects
discussed in previous reports manifest themselves as blemishes or varia-
tions in the oxide film structure,
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Figure 10. Region of defect No. 1 after first decoration. (5,000 X)
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Figure 11. Region of defect No. 1 after backside oxide removal.
(5,000 X)
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Figure 12. Region of defect No. 1 after second decoration,
(5,000 X).
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Figure 13. Defect No. 2 before first decoration.
(5,000 X)
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Figure 1ll. Defect No. 2 after first decoration.
(5,000 X)
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Figure 15. Defect No. 2 after backside oxide removal,
(5,000 X)
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Figure 16, Defect No, 2 after second decoration.
(5,000 X).
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Figure 17. Defect No. 3 before first decoration.
(5,000 X)
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Figure 18, Defect No. 3 after first decoration.
(5,000 X)

37



.

.
o
v

Figure 19, Defect No. 3 after backside oxide removal,
(5,000 X).
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Figure 20. Defect No, 3 after second decoration.
(5,000 X).




A nmumber of experiments have been initiated to ascertain the
nature of possible substrate dafects ieading to variations in oxide struct-
ure. To investigate the effect of dislocations a comparison was niade of
defect densities in oxides on Si substrates grown by the Csochralski and
float zone methods. The latter technique results in a much higher dislo-
cation density in the Si crystal than does the former. The details and
results of the experiment follow.

Material Source Texas Inst (CZ) Dow Corning (FZ)
Resistivity Range - 16 = 2l ohm-cm ' 85 - 93 ohm-cm
Dopant - | Phosphorus Phosphorus
Orientation = (111) (111)

Area of Wafer (mn'z) 5.07 5.07

Two wafers from each group were oxidized under the following conditions:

Thickness - 3800 4
Growing time - 12 hrs.
Dry Nitrogen - 1.0 unit @ 2,5 psi
Dry Oxygen - 1.0 unit @ 2,5 psi
Furnace Temp. 1150 C

The back oxides were removed with HF and the defects decorated, yielding
the following results:

TI TI DOW DOW
Defects 109 129 250 265
Densities 22 25 L9 52
-2
(em™ )
Two wafers from each group were oxidized under the following conditions:
3
Thickness - 4200 A
Growing %ime - 25 min
Dry Mitrogen - 1.0 unit @ 2,5 psi ‘
Dry Oxygen - 1,0 unit @ 2,5 psi
H2O Temp. 100 C
Furnace Temp. 15 ¢
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Decoration after removal of the back oxides gave the following results:

TI TI DOW DOW
Defscta 75 80 151 15
Densities 1 16 30 29 '
(cm2)

It can be seen that the defect density is higher by a factor of
approximately 2 in the oxides grown on float zone material. The dislo-
cation density is higher by a considerably greater factor but it may be
possible that only certain types or groupings of dislocations result in
oxide defects (i.e., not every dislocation produces a defect) or that »
there are many more latent defects in the float zone sample that may
rupture on further thermal cycling.

To investigate the latter possibility, the 8 wafers were subjected
to a thermal cycle consisting of heating at 1150 C for 5 mimtes in N, and
recooling to room temperature. The decoration test was performed again
with the following results:

DEFECT DENSITIES (cm"z)

Orown Wet
TI TI DOW DOW
Original 1 16 30 29
After L3 53 51 58
Cycle
Grown Dry
I TI DOW  DOW
Original 25 22 L9 52
After 112 88 127 15
Cycle




This indicates that the oxides on the Czochralski substrates had
more latent defects than those on the float zone substrates in contra-
diction to expectation if a strong corrslation existed betwsen dislocations
and oxide anomalies., After one thermal cycle all wafers have esssntially
the same defect density. It appears doubtful on the basis of these results,
that silicon dislocations can be identified as a major source of oxide di-
electric defects.

Another experiment consisted of growing oxides on epitaxial Si
laysrs with varying stacking fault densities (from ~ 100 cm™2 to
~ 10,000 cmfa). The samples wers oxidized in steam at 1150 C producing
oxides 3700 % thick. Defect densities wers measured before and after back
oxide removal, No significant defect density difference was observed on
wafers with different stacking fault densities.

The results of this experiment indicate that stacking faults are
not a type of substrate defect which is responsible for the incidence of
oxide dielectric defects,

Since the sample on which the replicate electron microscopy
was performed is still intact, it is planned to examine the substrate
bensath the three oxide defects in the hope of obtaining some insight
into the nature of possible substrate origins of oxide variations,

It is concluded that defects in oxlide layers originate during cool-
ing from high temperature treatments probably as a result of thermal
expansion mismatch; that all treatments that cause flexing of the wafer,
such as back oxide removal, introduce additional defects; and that the
occurrence of dislocations or stacking faults in the substrate silicon is
unrelated to the generation of oxide defects,

PROPOSED PLAN FOR FOLLOWING QUARTER

Investigation of tritium beta assay technique will be contimed.
Additional investigation of proton electromigration and exchangs with
sodium will be made,

Gas ambient investigations will be resumed.

EPR experiments will be summarized and correlated with process
variables,
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Oxide defect investigations will contimue with emphasis on
morphological characterization by electron microscopy, further correlation
with oxide regrowth and back oxide removal, and structural modifications

aimed at reducing mismatch in thermal properties.
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